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The Year of The Computers 


THE COLLEGE YEAR, 1955-56, could well be called “The 
Year of the Computers” here at Georgia Tech. In December of 
1955, the Rich Electronic Computer Center was officially dedi- 
cated. And, in this issue, one of our young research engineers 
reports the recent acquisition of an analog computer facility by the 
Engineering Experiment Station. Here on this page, we have the 
pleasure of announcing that the computer center has added an 
IBM 650 Magnetic Drum Data Processing Machine and many 
items of punched card accessory equipment to its facilities. 

The IBM 650, a medium-scale, high-speed computer, is fed 
by punched cards and can be programmed and operated by one 
person. It utilizes the modern stored-program principle and fea- 
tures an internal memory capacity of 20,000 decimal numbers. It 
carries out between 400 and 800 arithmetical and logical opera- 
tions per second. 

At Georgia Tech, the 650 will be used to give additional 
laboratory experience to graduate and undergraduate students in 
conjunction with our many courses on electronic computer theory 
and operation (Nine courses in scientific computer theory in the 
School of Mathematics and seven courses in Data Processing in the 
School of Industrial Engineering are now offered to Georgia Tech 
students). The new computer will also be used for basic and ap- 
plied research by Tech’s faculty members, scientists and engineers. 

The 650 system was leased to Georgia Tech under the Inter- 
national Business Machine Corporation’s educational plan. Under 
this plan, IBM contributes a portion of the normal lease rate to 
the college to encourage the teaching of courses in the theory and 
operation of high-speed digital computers as well as to encourage 
basic academic research. This new system should complement the 
UNIVAC Scientific (ERA 1101) that Remington Rand made 
available to Georgia Tech last fall prior to the opening of the new 


computer center. 
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 ggrsags HAS BEEN a remarkable change 
in attitude of the American public 
toward science and scientists in the twen- 
tieth century. This subject has recently 
been surveyed by James B. Conant’. 
Some illustrative stories might be of in- 
terest. At the time of our entry into 
World War I, “a representative of the 
American Chemical Society called on 
the Secretary of War, Newton Baker, and 
offered the service of the chemists in 
the conflict. He was thanked and asked 


to come back the next day. On so doing, 
he was told by the Secretary of War 
that while he appreciated the offer of 
the chemists, he found that it was un- 





Some factors 

in the choice 

of asic 

research problems 
In science 


by Erling Grovenstein, Jr. 
Associate Professor of Chemistry 
Georgia Institute of Technology 


necessary as he had looked into the 
matter and found the War Department 
already had a chemist.” 

Now this attitude should not be 
thought to apply to chemists only. Co- 
nant further states: “In World War I, 
President Wilson appointed a consulting 
board to assist the Navy. Thomas Edison 
was the chairman; his appointment was 
widely acclaimed by the press—the best 
brains would now be available for the 
application of science to naval problems. 
The solitary physicist on the board owed 
his appointment to the fact that Edison 
in choosing his fellow board members 
had said to the President, ‘We might have 
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one mathematical fellow in case we have 
to calculate something out.” 

This preference of the nineteenth cen- 
tury and early twentieth century public 
and business man for the inventor rather 
than the scientist seems rather natural. 
Was not the inventor the man who had 
changed our habits and made possible 
our new comforts? In other words, had 
not the inventor conquered nature and 
put it to man’s use? Furthermore, the 
role of the inventor extends back into 
the dim pages of history. He had dis- 
covered the use of fire, made the first 
stone weapons, extracted metals from 
ores. His story parallels the develop- 
ment of the practical or empirical arts. 
The scientist, on the other hand, is a 
comparative newcomer to history—he 
is first prominent in the sixteenth cen- 
tury (although he had an ancient proto- 
type in Greek civilization). He is sup- 
posed to be concerned with discovering 
nature’s laws. Originally science had 
little effect upon invention; indeed it 
was the other way around. Invention 
had a profound effect upon science. As 
scientific knowledge accumulated, the 
scientists were slowly able to make the 
empirical arts seem less empirical. Thus 
it was not until about the time of the 
American Revolution that we had any- 
thing like a reasonable explanation of 
combustion or of the rudiments of met- 
allurgy. In the latter half of the nine- 
teenth century, chiefly in Germany, or- 
ganic chemists introduced synthetic dyes 
and drugs to the world. By the twen- 
tieth century, science had developed so 
rapidly that in many of the areas of the 
practical arts, inventions were being put 
forth by scientists. As Conant has said, 
the striking social phenomenon of our 
times is the scientist turned inventor. 

This type of scientist we call an ap- 
plied scientist or engineer. Now the 
basic factor in the choice of a research 
problem in applied science is fairly 
obvious, namely the research should lead 
to the development of a new material, 
commodity, tool, weapon, or gadget, in 
other words, applied science aims at the 
fulfillment of the material needs of so- 
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ciety. On the other hand, basic research 
(also called fundamental research or 
pure research) has as its principal ob- 
jective the understanding of nature. It 
is not the intent of this talk to debate 
the relative merits of basic versus applied 
research; indeed any such debate seems 
meaningless since both types of research 
are obviously required for the further 
development of our civilization. The fac- 
tors in the choice of basic research prob- 
lems in science are not so obvious if we 
exclude from consideration the aspect of 
utility. It will be our operational defi- 
nition that if the research has as its 
chief aim the immediate fulfillment of 
some material need of mankind we will 
term the research, applied. Now it is 
surely hoped that basic research will 
ultimately prove useful in some manner 
in satisfying material, artistic, spiritual, 
psychological, or intellectual needs; but 
man has found that it is useful not to 
let immediate aspects of utility dominate 
the choice of all research problems. This 
is the explanation of the cartoonist’s mis- 
conception—a picture of a long-haired 
scientist exclaiming that at last he has 
made a discovery that should not prove 
of use to anyone. 


Waar Factors other than the aspect of 
utility can guide the choice of basic re- 
search problems? Are they to be chosen 
by pure caprice? This is an important 
problem. E. Bright Wilson? has noted: 
“Many scientists owe their greatness not 
to their skill in solving problems but to 
their wisdom in choosing them.” There 
is a common fallacy. that if you are deal- 
ing with scientific matters, judgment of 
values rarely, if ever, enters in. Facts 
speak for themselves in science, we are 
often told. But in the selection of a re- 
search problem, there frequently arises 
the question of what facts are most 
worthy of being collected. The number 
of possible facts must be practically in- 
finite. That a choice must be made is in- 
contestable. While the scientist discov- 
ers one fact, millions upon millions of 
facts occur in a cubic millimeter of his 
body. To put all the facts of nature into 
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science would be to put the whole into 
the part. As the great French mathema- 
tician Poincare* has said, “scientists be- 
lieve there is a hierarchy of facts and that 
among them a judicious choice may be 
made.” The most interesting facts are 
those which can serve many times; these 
are the facts which have a chance of 
coming up again. We are fortunate to 
have been born in a world where there 
are such. A familiar example to the 
chemist is the approximately one hun- 
dred elements which make up the com- 
position of all known substances. In 
what chaos the chemist would find him- 
self if there were instead one hundred 
million elements! Biologists would be 
just as much confused if there were only 
individuals and no species and if heredity 
did not make sons like their fathers. The 
facts which are most often recurring are 
the simple facts, and indeed these appear 
to us simple precisely because we are 
used to them. 

C. A. Coulson‘, the mathematical 
chemist, has pointed out that “. . . though 
facts are the raw material of science 
they do not constitute its glory.” Lord 
Rutherford was accustomed to refer to 
those scientists who were content to 
gather facts as “stamp collectors.” Sure- 
ly the unordered collecting of facts 
is of no more value than the collecting 
of stamps. Science is primarily con- 








cerned with evolving conceptual schemes, 
grand hypotheses, theories, or laws of na- 
ture based upon the known facts. 
Alfred North Whitehead® has stated: 
“It is this union of passionate interest in 
the detailed facts with equal devotion to 
abstract generalization which forms the 
novelty in our present society.” The 
Greeks were over-theoretical. He states 
further that “there can be no living 
science unless there is a widespread in- 
stinctive conviction in the existence of an 
Order of Things, and, in particular of an 
Order of Nature.” He emphasizes the 
word “instinctive” since some scientists 
claim not to believe in such order. He 
suggests that this conviction “must come 
from the medieval insistence on the ra- 
tionality of God, conceived as with the 
personal energy of Jehovah and with the 
rationality of a Greek philosopher.” 


A primary FACTOR in the choice of a 
basic research problem in science, then, 
is that the research should lead to the 
development of a new theory, law, or 
conceptual scheme. The celebrated Vien- 
nese philosopher Ernest Mach has said 
that the part of science is to effect econ- 
omy of thought just as a machine ef- 
fects economy of effort. The facts which 
give a large return are those which take 
their place in a very general law, be- 
cause they enable us to foresee a very 
large number of other facts. Frequently, 
a new fact will serve to unite elements 
long since known, but till then scattered 
and seemingly foreign to each other, and 
suddenly introduce order in the form of 
a new theory or generalization where the 
appear of disorder reigned. 

E. Bright Wilson®’ has pointed 
out that, where possible, it is usually best 
from the beginning to undertake experi- 
ments which are designed to test well- 
thought-out hypotheses. Experiments for 
experiment’s sake are much less likely to 
lead anywhere because when an hypothe- 
sis arises its test may well require data 
taken under somewhat different condi- 
tions from those used. 


To summarize what has been said con- 
cerning the choice of fundamental re- 


Research Engineer 

















. oo a 








search problems, the problem should 
lead to the collection of basic facts and 
to their correlation into theories or con- 
ceptual schemes. Conant’ has said “The 
history of science demonstrates beyond a 
doubt that the really revolutionary and 
significent advances come not from em- 
piricism but from new theories.” He‘ 
further points out that the test of a new 
theory is “not only its success in correlat- 
ing the then-known facts but much more 
its success or failure in stimulating fur- 
ther experimentation or observation 
which in turn is fruitful.” 

After a theory is well established, after 
it is beyond reasonable doubt, the facts 
in full conformity with it are before long 
without interest to the scientist concerned 
with basic research, because they no 
longer teach anything new. It is then 
the exceptions which become important. 
Among the exceptions, the ones chosen 
for study first will be the most accentu- 
ated, not only because they are the most 
striking, but because their study will be 
the most instructive. New concepts may 
result from a consideration of difficulties 
inherent in an old theory. 


T HE INVESTIGATION of a really new area 
of research is nearly always profitable. 
Unexpected results can generally be re- 
lied upon under these circumstances. In 
view of the vastness of nature, the ex- 
ploration should be directed to cover as 
wide an area as feasible with a later fol- 
low-up of any points of special inter- 
est. New experimental techniques, thus 
new instruments in their day such as the 
telescope, the microscope, the cyclotron, 
the atomic pile . . . open up immense 
new fields for investigation. New tech- 
niques may evolve gradually as improve- 
ments in apparatus and method. When a 
certain degree of accuracy or conven- 
ience is attained, significant new obser- 
vations may be possible. New degrees 
of accuracy in measurment often, but by 
no means always, bring to light unex- 
pected results. New techniques of ex- 
perimentation may lead to revolutionary 
results. Far too often, however, projects 
are undertaken solely as a matter of ex- 
perimental convenience. 
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New concepts not infrequently lead 
to new areas of investigation. It is usual- 
ly desirable to have new ideas of 
some sort before undertaking a problem 
especially in a field which has already 
been extensively investigated; otherwise 
any additional results are likely to be 
trivial. 

The most significant problems are fre- 
quently those which have ramifications in 
several areas. Problems which are a 
“dead end” are generally unimportant. 
Problems which are likely to open up 
new fields of investigation should be 
much sought after. 

Does the research problem “fit the 
times?” If it is too far ahead of the 
times it will likely not be fruitful. Re- 
search techniques may not be well 
enough developed to make a study of the 
problem profitable at a given date. The 
current state of science may not provide 
a background for understanding the 
problem. 

Is the field one in which known in- 
formation is published freely? In par- 
ticular is the field censored for military 
security reasons? It is difficult for 
scientists outside the walls of security 
clearance to work in regions which are 
highly restricted. To the public at large 
this might seem a small price to pay for 
keeping our military scientific secrets 
from a possible enemy. The difficulty 
is, however, in part that many top-rate 
scientists in peacetime do not wish to 
work for the government especially if 
their work will not be published. Fur- 
ther there is the danger that secrecy will 
be a shield for incompetence among those 
working for the government. Probably 
the highest cost of secrecy to science lies 
in our failure to make use of the im- 
mense potential of talent at home and 
abroad among those scientists who do 
not have access to classified information 
and who are in many real respects effec- 
tively barred from making contributions 
in classified fields. We must not forget 
that all of the basic scientific information 
which led the way to the development 
of the atomic bomb was imported from 
Europe. Conant? has said: “Secrecy and 
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science are fundamentally antithetic pro- 
positions.” The development of scientific 
theories in the past has depended on free 
discussion of their consequences. While 
secrecy obviously limits discussion, it is 
doubtful that secrecy can keep scientific 
information from an intelligent possible 
enemy as was brought out by the recent 
Geneva Atoms for Peace Conference. 


Possipty THE MosT IMPORTANT factor 
in the choice of a research problem is 
that it should interest the investigator 
strongly. As E. Bright Wilson’® has 
said: “Scientific research, not being a 
routine process by requiring originality 
and creative thought is very sensitive to 
the psychological state of the scientist.” 
An uninterested worker is unlikely to 
have the necessary new ideas or the drive 
to complete a research problem. The re- 
search problem should, moreover, be 
within the worker’s capabilities. In par- 
ticular, the worker should possess or be 
willing to acquire the special capabilities 
required for carrying out the research. 
While many scientists may owe their 
greatness to their skill in choosing re- 
search problems, the significance ofa re- 
search problem often depends on the 
peculiar quality of the imagination and 
creative ability which the investigator 
brings to its prosecution. The great sci- 
entist must be regarded as a creative 





artist and it is misleading to think of the 
scientist as a man who merely follows 
rules of logic and experiment. Einstein 
has said: “There is no logical way to 
the discovery of elemental laws. There is 
only the way of intuition, which is helped 
by a feeling for the order lying behind 
the appearances.” 

We have discussed factors in the 
choice of a research problem as though 
there were a number of problems to 
choose from. Wilson’! has said: “A 
research worker in pure science who does 
not have at all times more problems he 
would like to solve than he has time and 
means to investigate . . . probably is in 
the wrong business.” 


Ir ts TRUE, in spite of all the foregoing 
discussion that probably the most im- 
portant research problems are not chosen 
but are discovered almost, as it were, by 
chance. It is noteworthy that such scien- 
tific discoveries are made only by highly 
qualified observers who painstakingly fol- 
low up initial chance clues; as Pasteur 
said, “Chance only favors prepared 
minds.” As example of such discoveries 
we might cite: the preparation of the 
first coal-tar dye by William Henry Per- 
kin (who was looking for a synthesis of 
quinine), the discovery of radioactivity 
by Antonie Becquerel, the discovery of 
penicillin by Alexander Fleming. All of 
these scientists were carrying out more 
or less “normal” programs of fundamen- 
tal research when they made the discov- 
eries for which they are now famous. 
These illustrious discoveries were in no 
sense “planned” in their initial phases. 
It is the essence of the unknown that 
nobody knows what is to be known, 
much less where to look for the un- 
known. Yet it is upon the discovery of 
new fields of inquiry such as these that 
the future growth and development of 
science depends. The history of science 
shows that, by and large, most such 
fundamental discoveries have been made 
by “uncommitted” investigators, that is 
to say, investigators who were free to 
follow any clue, interesting observation 
or idea, regardless of what direction the 
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research might lead them. Their inves- 
tigations were not confined to the nar- 
row limits of some preconceived re- 
search program. 

As a final factor in the choice of basic 
research problems in science, we will con- 
sider the economic aspect. In the Seven- 
teenth and Eighteenth Centuries most 
scientific research was conducted by 
“amateurs,” that is to say by men who 
had their income from other sources or 
endeavors. Some like Robert Boyle (the 
son of the Great Earl of Cork, an Eng- 
lishman who made his fortune by ex- 
ploiting Ireland) inherited wealth. Boyle, 
who was his own patron, pointed out 
that the advancement of experimental 
philosophy “requires as well a purse as 
a brain.” Others such as Benjamin 
Franklin and Antonie L. Lavoisier 
earned their wealth in other professions 
(Lavoisier was guillotined primarily for 
his activities as tax collector under the 
royal regime). In the Nineteenth and 
Twentieth Centuries, basic research in 
science has been cultivated primarily in 
universities and to some extent in re- 
search institutes (e.g., the Kaiser Wil- 
helm Institute in Berlin). There is no 
indication that the cost of scientific ex- 
periments has in any way lessened since 
Boyle’s day (the latter half of the 17th 
Century). Clearly a pertinent question 
facing most investigators is whether or 
not a scientific problem is within at- 
tainable financial limits. 

Frequently, the solution to this diffi- 
culty is to try to convince someone that 
the research problem is worthwhile. It is 
at this stage that the difference between 
applied research and basic research be- 
comes most evident. Nearly always it is 
easier to get support for research lead- 
ing to a useful new material, commodity, 
tool, weapon, or gadget than to sup- 
port research which aims merely at un- 
derstanding nature. This is especially 
true since only some rather vague gen- 
eral principles, such as we have men- 
tioned, which are difficult to apply in 
practice, can be used to evaluate basic 
research problems. Joel Hildebrand? 
has said that the judgment of a scientist 
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about problems he does not feel impelled 
to attack cannot in his opinion be very 
significant. Surely the judgment of non- 
scientists is even less significant. Finally, 
indeed, many of the most valuable basic 
research problems cannot be formulated 
because they have not been discovered. 
It is, therefore, especially hard to get 
funds to support the uncommitted inves- 
tigator—the one who might be another 
Michael Faraday, Louis Pasteur, An- 
toine Henri Becquerel. 

In supporting basic research, the em- 
phasis should be placed upon supporting 
the right man rather than the right 
project. The investigator should be en- 
couraged to work upon any problem 
which seriously interests him. The prin- 
ciple involved here has been formulat- 
ed by the mathematician H. B. Phil- 
lips**, “When the proper course is 
known, action can be directed by rule 
or law. But when the proper course is 
not known, each individual should be 
free to go his own way to provide the 
greatest diversity of action and there- 
fore the greatest probability that some- 
body will be right.” Herein lies our 
greatest hope in our scientific competi- 
tion with Soviet Russia. 

References 

1 CONANT,, JAMES B., Modern Science 
and Modern Man, Columbia Univ. Press, N.Y. 

2 WILSON, E. BRIGHT, An Introduction 
to Scientific Research, McGraw Hill Book Co., 
1952, p. 1. 

3 POINCARE, HENRI, The Value of 
Science, The Science Press, N.Y., 1907, p. 4. 

4 COULSON, C. A., Science and Christian 
Belief, Univ. of North Carolina Press, Chapel 
Hill, 1955, p. 41. 

5 WHITEHEAD, ALFRED NORTH, Science 
and the Modern World, MacMillan Co., New 
York, 1925, p. 4. 

6 WILSON, E. BRIGHT, op. cit., p. 2. 

7 CONANT, JAMES B., op. cit., p. 30. 

8 CONANT, JAMES B., On Understanding 
Science, Yale University Press, New Haven, 
1947, p. 24. 

9 CONANT, JAMES B. Modern Science 
and Modern Man, op. cit., p. 16. 

10 WILSON, E. BRIGHT, op. cit., p. 1. 

11 WILSON, E. BRIGHT, op. cit., p. 2. 

12 HILDEBRAND, JOEL, Saturday Re- 
view of Literature, Vol. 39, March 24, 1956, 


p-. 59. 
13 PHILLIPS, H. B., Technology Review, 
April, 1956, p. 322. 











Management decisions based on 
analysis of facts, not on hunches 


or intuition, call for the latest in 


INDUSTRIAL MARKET RESEARCH 


ae MUST OWN A MARKET, or it 
has no advantage in owning a produc- 
tion plant. 

In order to win a market, an indus- 
try must offer the desired product to 
the proper people at the right time. In- 
dustrial market research offers the only 
feasible technique for evaluating these 
factors. It provides a tool for determin- 
ing the proper balance between quality 
and price and for answering many other 
perplexing industrial problems. In short, 
it offers industry, large and small, a 
major device for increasing earnings on 
the companies’ investments. 

Most of our economists agree that our 
prospects for continued prosperity are 





good. As our population increases to 
220 million or more in the next 20 years, 
industry will have greatly expanded mar- 
kets, even if our standard of living 
should not continue to improve. Our 
productive capacity may even have dif- 
ficulty keeping pace. Nevertheless, the 
competition will continue to be keen in 
most fields. Furthermore, the increasing 
cost of production and scarcity of ac- 
complished manpower make correct 
management decisions more and more 
important. 

Businessmen who do not have market 
research facilities available must evaluate 
their proposals in terms of past experi- 
ence and estimate data for the future. 
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Over much of the world this approach is 
still the very best that can be done, and 
even in the United States relatively few 
companies use truly systematic programs 
for evaluating their future. 

But gradually, the old philosophies are 
changing. It has become increasingly 
important that management’s decisions 
be sound ones: decisions not influenced 
by hunches or “intuitions,” decisions 
based on the analysis of facts. Market 
research, the study and evaluation of 
markets and the many factors which con- 
trol them, is intended to aid manage- 
ment in evaluating the marketability of 
its product. Thus, the organization which 
makes full use of industrial market re- 
search can plan with a realistic insight 
into the future. 

Market research can profitably be used 
in almost every phase of industrial op- 
eration. The following questions indi- 
cate the problems with which market re- 
search can help industry: 

1. What products can be sold? 2. 
What quantity and quality will be need- 
ed? 3. How does price influence the 
sales of the product? 4. What competi- 
tion will be met? 5. Where will the 
markets be? 6. How long will the mar- 
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by Robert J. Kyle 
Head, Technical Information Services 


The Spencer Chemical Company’s forty-five 
million pound a year polyethylene plant in 
Orange, Texas. Building of this plant was a 
direct result of the company’s early market 
research in possible uses of a gas containing 
a high percentage of ethane polyethylene. 


ket be open? 7. What additional uses can 
be found for the existing products? 8. 
How can the user best be reached? 9 
What are the good and the bad features 
of the proposed product? 10. What in- 
ventory should be maintained? 11. What 
Should the sales quotas be? 12. How 
much should be spent on advertising? 


SALES 


There are several more-or-less inde- 
pendent ways in which market research 
assists a company’s sales program. 

Practically all market research groups 
do a considerable amount of forecast- 
ing of expected sales. Forecasts are 
based on the overall trends of sales for 
the company’s products as shown by past 
history. In some cases, the trends must 
be established from a basic understand- 
ing of the way in which the product will 
be used and from an estimation of the 
demands for the new product. Suitable 
allowances are made for technological 
and economic changes which can be an- 
ticipated and for known changes which 
will occur in the competition. In addi- 
tion to the modified trends, many market 
research groups attempt to predict cycle 
fluctuations in the demand for the com- 
pany’s product. Such cyclic changes are 





One of the ethylene purification towers at 
Spencer’s Orange, Texas, polyethylene plant. 


influenced by the season of the year, 
cyclical variation in the overall eco- 
nomic status of the country, and many 
other factors. 

These forecasts are used for establish- 
ing realistic sales goals which are an 
integral part of most companies’ sales 
programs. They are also used to evaluate 
the effectiveness of the sales program. 
For many industries, sufficient data is 
published to permit an appraisal of any 
company’s sales in various geographical 
areas with the total sales of similar prod- 
ucts in these areas. Whether the data is 
taken from published statistics (usually 
from Government or trade-association 
sources) or from sales forecasts, it is pos- 











sible to determine areas in which special 
sales emphasis is necessary. 

The market research group is often 
called upon to find new markets for old 
products when a company has excess 
productive capacity, or it desires to in- 
crease its manufacturing level. 

At times, when a company begins 
work with a new product or when distri- 
bution is being undertaken in a new 
area, it is necessary to appraise the vari- 
ous possible distribution systems. In 
some cases, the appraisal of the distri- 
bution system also involves a study of 
the pricing structure followed by com- 
petitors. 

The evaluation of sales effectiveness 
may be carried out by direct contact with 
customers, potential customers, distri- 
butors, installation men or others who 
are familiar with the company’s prod- 
uct. Surveys of this type may become 
very detailed as illustrated by the fol- 
lowing example: 

As part of a development program 
(not a sales project) the Maytag Com- 
pany decided to determine motivations 
for the purchase of automatic washing 
machines. The psychologist who was 
called in to do this special job reported 
that housewives tend to have a feeling 
of guilt regarding the many labor-sav- 
ing devices they have. Usually the pur- 
chase of an automatic washer is urged 
by the husband. Women, who are usual- 
ly proud of their role as housewives and 
conscicus of their duties, and particu- 
larly of their obligations to be efficient 
and budget-minded home-makers, feel 
that automatic washers are an extrava- 
gance. They feel that wringer-type ma- 
chines wash just as well. Consequently, 
many women who could afford washers 
take the attitude, “Well with all of the 
other labor and time-saving devices, I’m 
just a little afraid my husband thinks 
I’ve got it too easy the way it is.” Be- 
cause of housewives’ feeling of extrava- 
gance in purchasing automatic washers, 
some “face-saving” economy measure is 
desirable. ‘Apparently either a water- 
level control for partial loads or a suds- 
saver Serves this psychological need. 
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The Maytag study is a little differ- 
ent from most of the market research 
discussed in this paper in that it is an 
evaluation of consumer attitude. But, 
the example isn’t even necessary to see 
that market research is a valuable tool 
for the sales manager to use in planning 
an effective program. In fact, in a high- 
ly competitive industry, the sales depart- 
ment with the best fact-finding opera- 
tion will most likely be the one to get 
the most business. 


Production 

As a guide to manufacturing, the fore- 
cast for the sales department often sup- 
plies facts indicating seasonal variations 
and general trends which aid in sched- 
uling production and controlling inven- 
tory. This type of assistance can be 
exemplified by supposing that a com- 
pany is in a period of slow business. The 
sales department would normally try 
every possible means of obtaining addi- 
tional orders. However, if market re- 
search data predicted that several months 
in the future, sales for the given product 
would increase sharply, the production 
department could increase the manufac- 
turing rate in order to build up a good 
inventory, and, in the meantime, the 
sales department could concentrate on 
products which were momentarily more 
profitable. 


Product Development 

Perhaps the greatest pay-off of mar- 
ket research in industry is in product 
development. The evaluation of a new 
product’s potential is one of the most 
difficult and important operations in any 
new or expanding business. An excellent 
example of the use of market research 
in development programs has been given 
by the Spencer Chemical Company of 
Kansas City, Missouri. In 1951, this 
company undertook a general economic 
appraisal of possible uses of a gas con- 
taining a high percentage of ethane. 
They discovered that the most attractive 
product was polyethylene. However, the 
Imperial Chemical Industries of England 
held patents covering the commercial 
production. of polyethylene and had 
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granted exclusive licenses to du Pont and 
Union Carbide and Carbon. Hence, 
Spencer turned their activities to the pro- 
duction of ethylene glycol. However, in 
1952, an antitrust ruling required Impe- 
rial to license their patents to other 
American companies. Because of the 
preliminary survey, Spencer was able to 
open negotiations immediately with Im- 
perial. It was the first of five U. S. 
companies to obtain a license. Because 
of the anticipated competition from the 
other four newly-licensed companies, 
Spencer purchased a technical and mar- 
ket study which had just been produced 
by a consulting firm. They used this 
study as the nucleus of a more detailed 
program conducted by their own market 
research group. Their team spent four 
months in research and made rearly 900 
field interviews. They prepared a report 
which covered the product, the process 
details, the relationships of its proper- 
ties to its uses, the names of process 
equipment manufacturers, methods of 
research and development, and market 
estimates. The survey gave Spencer 
Chemical Company the answer to ques- 
tions about the most effective sales pro- 
gram and the location of the potential 
market. These studies led ultimately to 
a $14 million plant in Orange, Texas, 
with an annual capacity of 45 million 
pounds of polyethylene. The first com- 
mercial runs were made early in March, 
1955. 

Frequently, a manufacturing . enter- 
prise is requested to supply some special 
product for an individual company. To 
refuse such requests often might mean 
disregarding a highly profitable undertak- 
ing, but to accept them without a de- 
tailed appraisal is like asking for trouble. 
Thus, market research groups are fre- 
quently given the task of evaluating the 
potential of some customer’s market in 
order to predict the stability and magni- 
tude of future sales. 


Research 
Every applied research project should 
be preceded by a market research evalu- 
ation. Often, only a superficial study 
Continued on next page 
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is sufficient to indicate that even if the 
research work were continued success- 
fully there would be no commercial 
value to the product. However, if super- 
ficial study shows promise, it is prac- 
tical either to expand the market re- 
search to get more exact information or 
to initiate the research project. 

lt should be emphasized that there 
is a timeliness to market research reports 
as they affect both research and product 
development. It is quite possible for a 
company to be forced to abandon an 
expensive program with a promising 
product because the research and de- 
velopment work cannot be made to move 
rapidly enough. A favorable market re- 
search report today may be completely 
reversed in one or two years, or less. 


Management Decision 

As mentioned earlier, the data from 
market research reports are necessary 
for effective long-range planning. The 
long-range planning involves the forecast 
of business conditions in general and the 
forecast of conditions for the specific 
product of the company. After the fore- 
casts are made, the specific objectives 
and means for carrying them out must 
be established. Finally, it is necessary 
to maintain a continuous review of all 
pertinent factors in order to readjust 
the objectives as conditions change. 

The market research data provide an 
indication of the effectiveness of the ad- 
vertising program, the fraction of the 
total market which is held by the com- 
pany, the estimated sales which are to be 
expected in the future and related data 
which gives management a criteria for 
distribution of the available funds among 
the various departments. 

The scheduling of plant expansion and 
product modification can also be based 
to a major extent upon market research 
data. For example, when manufacturers 
of flourescent tubes shifted from beryl- 
lium salts, which are toxic to human be- 
ings, to other phosphors, Mallinckrodt 
Chemical Works was in a position, with- 
in 60 days, to prepare samples and build 
a___several-hundred-thousand-dollar-plant 
to supply the new chemicals. The com- 
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pany attributes the ability to make this 
rapid switch in product to the fact that 
they had maintained a continuing review 
of this market and had the right infor- 
mation at the right time. 

As companies expand it is often de- 
sirable for them to build entirely new 
production facilities. A preferable loca- 
tion for the new plant is determined by 
the availability of raw materials, labor, 
transportation, markets, and other fac- 
tors. In many companies, the market re- 
search group is relied upon to supply 
the data necessary for these decisions. 


Market Research Facilities 

Most large companies maintain their 
own market research facilities. How- 
ever, even these companies frequently 
find it desirable to pass on excessive 
workloads or specialized assignments to 
outside firms which specialize in offer- 
ing such services. In general, small 
companies have too little need for mar- 
ket research facilities to justify a full- 
scale organization. Such companies 
usually rely on independent market re- 
search groups. 

Market research services are available 
through private consultants and many in- 
stitutions. At the present time, the Geor- 
gia Tech Engineering Experiment Sta- 
tion is expanding its staff and facilities 
for market research through its new- 
ly established Industrial Development 
Branch. 

Market research had its origin in Gal- 
lup-poll-type political surveys in the 
early 1800’s. These surveys were eventu- 
ally broadened to include an appraisal 
of various advertising media through 
surveys of magazine readers, etc. The 
real start of market research began in 
the period between 1910 and 1920, and 
most of the development of present tech- 
niques has occurred since 1930. Today 
it represents a science which often calls 
for advanced techniques in sampling, 
data collection, and mathematical inter- 
pretation. Along with these advances in 
techniques the subject has graduated 
from the category of a curiosity and lux- 
ury to that of a real necessity for any 
progressive expanding business. 
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THE ANALOG COMPUTER LABORATORY 








Engineers Bob Johnson, front at plotting board, 
and M. David Prince, operate the newest 
station research tool, the analog computer. 


A versatile new research facility 


by M. David Prince, research engineer and T. K. Wright, research assistant 


E NEED FOR ANALOG computing equip- 

ment as part of the research facilities 
of the Georgia Tech Engineering Experi- 
ment Station became apparent during the 
summer of 1954. This need was further 
emphasized during the following year 
when one of our large research projects 
had to purchase six months of computer 
time from a government-owned analog 
center in New York City, while another 
project had to use a military computer at 
Rome, New York. All indications were 
that the need would continue in existing 
programs and probably increase with ex- 
pected new research. This need, coupled 
with the many educational advantages 
that would accrue to Georgia Tech 
through the addition of this facility to 
complement its large digital computer 
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center, made the acquisition of analog 
computing equipment imperative. 

During the late summer of 1955, 
funds were allocated for this new facili- 
ty. Simultaneously, a study of commer- 
cial equipment was carried out, and the 
most suitable combination of computing 
elements was selected for the laboratory. 
The equipment, purchased from the 
Berkeley Division of Beckman Instru- 
ments, Inc., was delivered here in Janu- 
ary of 1956. The laboratory was imme- 
miately established in the Defense 
Branch of the Station’s Physical Sciences 
Division where the principal projects re- 
quiring its use were located. At the 
present time the laboratory’s operating, 
programming, and maintenance staff 
consists of five full-time engineers and 
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FiGurE 1—COMPARISON BETWEEN ANALOG AND DIGITAL SOLUTION OF NON-LINEAR EQUATION 


assistants, all of whom are pursuing their 
graduate programs on a part-time basis. 
Three of these men graduated from 
Georgia Tech and joined the Station 
staff this year. 

Digital and Analog Computers 

In considering the relative roles of 
digital and analog machines for engineer- 
ing computation, we see that digital com- 
puters are employed for two principal 
reasons: first, accuracy is attainable to 
any degree that might reasonably be de- 
sired; and second, they are adaptable to 
almost all types of numerical problems, 
including those of an accounting and 
business nature. 

On the other hand, analog computers 
are somewhat restricted in accuracy. Al- 
though the accuracy of each component 
is 0.1 percent, errors of about one per- 
cent will accumulate in solutions of mod- 
erate difficulty (using about 100 com- 
puting elements). However, this pre- 
cision is usually adequate, as demonstrat- 
ed by the comparison between digital 
and analog results shown in Figure 1. 
In this figure, a solution of the type 
shown in Figure 2 was plotted and com- 
pared with the precise point-by-point so- 
lution computed by the Rich Electronic 
Computer Center on the ERA 1101. 
The analog solution of this problem re- 
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quired 28 amplifiers, 2 multipliers, 2 
function generators, and an assortment 
of minor elements. 

Unlike digital machines, analog com- 
puters cannot be used for payroll, in- 
ventory and other accounting-type com- 
putation, but are best suited for physical 
problems in which the quantities are con- 
tinuous in nature. However, for this type 
of problem, they may be ten or even a 
hundred times as fast as large digital 
computers. 

Op ti and C P ti g Cc Pp t 

An analog system is sometimes called a 
simulator, sometimes called a differen- 
tial analyzer, and sometimes an analeg 
computer. It is all of these, since mod- 
ern general-purpose analog equipment is 
readily employed for physical simulation 
(in “real time”) in which parts of a mis- 
sile system may actually be wired into 
the machine, or for use as a differential 
analyzer to solve differential equations. 
However, its use is not restricted to these 
applications—it may also be employed as 
a more general computer for solving 
linear algebraic equations, double inte- 
grals, geometric problems, and many 
other mathematical types. 

The simplest analog operations are 
those of multiplying by a constant, ad- 
ding and integrating. These basic op- 
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A TYPICAL ANALOG COMPUTER PROBLEM 


A jet pilot is flying at 40,000 feet near 
supersonic speed. He sights an enemy air- 
craft below and dives in pursuit. Passing 
through a cloud layer, he directs his at- 
tention to the altimeter so that he can 
level off under the cloud ceiling at about 
2,000 feet. When the instrument shows an 
altitude of 10,000 feet he begins to pull 
out of the dive and level off . . . but sec- 
onds later there is a blinding crash as he 
plows into the ground. The aircraft is 
demolished and the pilot is killed. . . . 
What caused the crash? Was it a hu- 
man error in instrument reading? Did the 
altimeter needle stick and fail to indicate 
the change in altitude? Was some new 
problem, not considered prior to today’s 
high-speed aircraft, encountered? 

One new problem, now receiving atten- 
tion, may explain the crash. It has been 
found that a serious error in altimeter in- 
dication is caused when an aircraft dives 
at high speed. Investigation of this error, 
due to a time delay in the altimeter pres- 
sure bellows, was the first task undertaken 
by the Analog Computer Laboratory of the 
Engineering Experiment Station. 

A total of 130 solutions was computed 
for a range of pipe sizes, pressure ampli- 
tudes, and pressure frequency variations, 
(This work arose through a contract be- 
tween Sandia Corporation and Dr. A. L. 
Ducoffe of Georgia Tech’s School of Aero- 
nautical Engineering. A generalization of 
this problem is the basis of a Master's 
Thesis by Mr. George Simitses, A. E. grad- 
uate student.) Typical results are seen in 
Figure 2, which shows the pressure inside 
the altimeter bellows due to the aircraft 
diving and climbing periodically (a sine- 








A cutaway sketch of a barometric altim- 
eter showing the bellows and lead-in pipe. 


wave variation of outside pressure). The 
left-most curve represents the pressure out- 
side the aircraft. And the other curves, lag- 
ging behind the forcing function, apply for 
various sizes of the pipe which joins the 
pressure chamber to the atmosphere. This 
time-lag error is caused by the rather small 
diameter of the pipe, which delays the air 
rushing into the bellows chamber. For the 
smallest pipe size, the arrows on the figure 
indicate a difference in pressure of 1.6 
pounds /sq. inch between the atmospheric 
pressure and the bellows pressure. Since a 
change of one pound/sq. inch corresponds 
to an altitude change of about 2,000 feet, 
the importance of this error readily be- 
comes apparent. 





Figure 2—apparent altimeter pressures for 
different lead-in pipe sizes. The sine- 


Max Segue > 


wave variation of outside pressure is simu- 
lated by the curve of largest amplitude. 
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erations permit the solution of linear 
differential equations with constant co- 
efficients, the type so commonly en- 
countered in electrical and mechanical 
engineering. Simultaneous linear differ- 
ential equations can also be solved with 
these operations. 

For greater versatility, multipliers, 
function generators, and sine-cosine re- 
solvers are required to permit the solu- 
tion of nonlinear equations. These com- 
ponents, although considerably more ex- 
pensive than linear amplifiers and inte- 
grators, greatly extend the usefulness 
of the computer. 

The Analog Computer Laboratory is 
at present equipped with 40 operational 
amplifiers for adding and integrating, 
34 potentiometers for multiplying by 
constants, two electronic multipliers, and 
two electronic function generators. Four 
interchangable patchboards are available 
so that several problem set-ups can be 
retained and each placed on the machine 
as scheduling time permits. Also, three 
servo-resolvers of advanced design are 
scheduled for delivery in September as 
part of the original equipment order. In 
addition, two more multipliers, two func- 
tion generators and three servo resolver- 
multipliers are on trial loan from the 
manufacturer. This computer is supple- 
mented by a 10’x15” X-Y plotting 
board which produces curves similar to 
those shown in Figure 2. The necessary 
control cabinets, power supplies, air con- 
ditioning equipment, and a line voltage 
regulator complete the Laboratory. 
Applications of Analog Computers 

The example shown on page 17, in- 
volving a physical situation in which en- 
gineering accuracies are adequate, is 
typical of the problems especially suit- 
able for solution on an analog computer. 
It illustrates the usefulness of plotted 
solutions, and demonstrates the simplicity 
with which changes of the system design 
can be investigated. This capability is 
one of the prime advantages of the ana- 
log computer because it provides the 
engineer with a “feel” for his problem 
that can be obtained in perhaps no other 
way. Each intermediate variable can be 
plotted or observed on a meter, thus pro- 


viding an unusual insight into the prob- 
lem solution. Parameters can be varied 
by the turn of a knob to demonstrate 
their effect on the final results. Further- 
more, the language of the analog com- 
puter is the language of the electrical en- 
gineer—“voltage,” “transient response,” 
“step function,” “feedback,” etc., so that 
an engineer with a good background in 
the mathematics of his field can quickly 
become conversant with its use. For 
these reasons, analog computers are used 
extensively to study engineering prob- 
lems such as aircraft and mechanical vi- 
bration, aircraft flight simulation, tra- 
jectory studies, aerodynamic, fluid flow 
and heat flow problems, servo-mechan- 
ism design, and chemical process con- 
trols. 

Plans for the Future 

Since the Laboratory is newly es- 
tablished it is still in a state of ex- 
pansion. Need has been evidenced for 
ten more amplifiers, four additional elec- 
tronic function generators, four addi- 
tional electronic multipliers, and some 
special test equipment. When these 
needs are filled, the Laboratory will be 
one of the most modern in the South, 
capable of solving an impressive variety 
of problems. 

In preparing for the future, we are 
looking forward to a balanced three- 
point program. The first responsibility 
is to supply an analog computing serv- 
ice for the Station projects, for the acad- 
emic departments, and when possible, 
for outside industry. Second, we should 
undertake a program of applications re- 
search, in which we study new and bet- 
ter ways to apply our computer to prac- 
tical problems. (The Laboratory already 
has one commercial project to pursue 
this objective.) Finally, a program of 
equipment design and development is 
required so that we might improve the 
existing equipment and develop new com- 
ponents. In this way we may give ex- 
pression to the creative ability of the 
young engineers who will staff the Labo- 
ratory. Through this parallel three-part 
program the maximum benefit will be 
provided to Georgia Tech, and to the 
Station and its staff members. 
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Ingols, Robert S., and George M. Jacobs, “Vari- 
ations in the Chemical Character of Small 
Streams.” Reprinted from the Bulletin of the 
Georgia Academy of Science, Vol. XIII, pp. 
94-100. Reprint 95. Twenty-five cents. 

Because the U. S. Geological Survey has 
shown extreme interest in the quantity of water 
produced by a large number of streams during a 
very dry spell, the Engineering Experiment Sta- 
tion has been conducting a survey of two small 
streams in the Yellow River Basin. This paper 
discusses the study of the quality of these 
streams and notes the variations which occur on 
a diurnal basis. Because of the large draft of 
transporation, the water in a flowing stream 
may be reduced to a trickle at the period of 
maximum activity; whereas, the same stream 
may have a three- or four-fold increase in flow 
at night causing variations in chemical character. 
It is the purpose of the paper to indicate these 
variations and show the basis for a continuing 
study which may determine the cause of the 
variations of the quality of the water. 
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Witt, Samuel N. Jr., “Transistorizing Meacham- 
Bridge Oscillators.” Reprinted from Electron- 
ics. March, 1956. Reprint 97. Gratis. 

Circuits have been designed using both 
point-contact and junction transistors. Op- 
erating at one megacycle, oscillators provide 
good long and short-time frequency stability. 
They are stable with respect to temperature and 
supply-voltage changes. 


Orr, Clyde, Jr.. Mendal T. Gordon and Mar- 
garet Kordecki, “The Density and Size of Air- 
borne Serratia Marcescens.” Reprinted from 
the Journal of -Bacteriology, Feb., 1956. Re- 
print 100. Gratis. 

The density and radius of air-borne Ser- 
ratia marcescens were determined as a func- 
tion of relative humidity using Millikan’s tech- 
nique with which the value of the electron 
charge was established. Cell radius was found 
to decrease with decreasing relative humidity. 
Cell density increased as the relative humidity 
decreased until about 40 per cent relative hu- 
midity was reached. At lower relative hu- 
midities the apparent cell density also decreased. 


Mr. 


Tooke, Raymond, Jr., “Physical Studies of Paint 
Systems Applied to Southern Yellow Pine.” Re- 
printed from Official Digest, Vol. 22, No. 370, 
November 1955. Reprint 99. Twenty-five cents. 

This paper received the American Paint Jour- 
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nal award as the best constituent club paper at 
the 1955 annual convention of the Federation 
of Paint and Varnish Production Clubs. 

The exterior-house-paint exposure studies de- 
scribed in this paper represent a second series of 
investigations on this subject conducted at the 
Georgia Tech Engineering Experiment Station. 
The Station, as well as southern paint manufac- 
turers, has been interested in the painting of 
southern yellow pine because this wood is one 
of the most difficult building materials to paint 
satisfactorily, and because it is extensively used 
for construction in the South. Emphasis has 
been directed toward a study of two-coat paint 
systems since this procedure has become pre- 
dominant in current  exterior-house-painting 
practice. The initial investigation — in 
1947 was directed toward a study of primers. 
The present work is intended to encompass the 
original findings with respect to primers into a 
comparative evaluation of a number of well- 
known primer and top-coat formulations togeth- 
er with selected variations. 
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Belser, Richard B., and James W. Johnson, “A 
Versatile High-temperature Infrared Oven.” Re- 
printed from Ceramic Age, December 1955. 
Reprint 101. Twenty-five cents. 

An economical, high-temperature, infrared 
oven was constructed from a one-liter beaker, 
lined with a reflecting material and a single 
250-watt, infrared bulb. By operation of the 
oven, with the beaker inverted over the lamp, 
the placing of samples to be heated is facilitated. 
The oven may be powered by a photoflood 
lamp, an ultraviolet sun lamp. or one of the 
newer 1500-watt infrared lamps with a Vycor 
face. By using a lamp with a hole drilled in its 
face, the oven may be operated within a vacuum 
chamber. The heating efficiency is greater within 
the vacuum. A temperature of 750°C was 
reached within the oven with 135 volts across 
the lamp’s filament. The oven has proven itself 
to be a useful laboratory tool by three year’s 
active use. 





These and other technical publications 
may be obtained, and the complete 
publications list requested, by writing 
Publications Services, Engineering Ex- 
periment Station, Georgia Institute of 
Technology, Atlanta 13, Georgia. 
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edited in retrospect 


© Beginning with the fall term of 1956, Georgia Tech’s ex- 
panded nuclear science program—first outlined for you in 
the January issue of this magazine—will officially get un- 
derway with the registration of the first students in the 
graduate program. The final green light for this pro- 
gram—approval for the granting of two new graduate de- 
grees—was given by the Board of Regents, governing body 
of Georgia’s University System, at their May meeting. The 
new degree designations are the Master of Science in Nu- 
clear Engineering and the Master of Science in Nuclear 
Science. Applications for this program plus full infor- 
mation on the prerequisites and course content are now 
available from the Dean of Georgia Tech’s Graduate Divi- 
sion on the campus. 

Also scheduled for this fall is the beginning of con- 
struction on the radioisotopes laboratory building on the 
campus. This building and the graduate program were 
made possible through Governor Griffin’s special allocation 
of $300,000 to start-Tech on the road to becoming a 
major center of nuclear education and research. The new 
building will house a neutron physics laboratory (including 
a subcritical atomic pile) for use in the graduate program. 
It will also contain a classroom for demonstrating the uses 
of radioisotopes in special courses for industrial, medical 
and other groups from throughout the State and the South. 
The building will furnish Georgia Tech staff members with 
much-needed space and equipment to carry out an exten- 
sive program of basic and applied research in radioisotopes. 


* Present indications are that Governor Griffin—well 
aware of the great benefits that industry, medicine, agri- 
culture and the people of the State would derive from a 
research reactor located in Atlanta—will ask the 1957 
Legislature for funds to build Georgia Tech a reactor. If 
this request were granted, the program of needs set down 
by the Nuclear Science Committee early this year would be 
satisfied. The interest and cooperation shown by the 
Governor and the Board of Regents is extremely gratifying 
to all who have worked so hard to get this program started. 









































